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PROBLEM TO BE SOLVED: To provide a surface acoustic wave(SAW) element 
which can be directly mounted on a circuit board without being housed in any 
package. 

SOLUTION: On the surface of piezoelectric substrate 1 1 , a pair of combline 
electrodes 12 and 12 are formed and on both the sides, lattice-shaped reflectors 
13 and 13 are formed. A pair of pads 14 and 14 for input and a pair of pads 15 
and 15 for output are respectively connected to the combline electrodes 12 and 
12. On the surface of piezoelectric substrate 1 1 , a protecting film 18 composed of 
an insulating material is formed while covering the combline electrodes 12 and 



12, reflectors 13 and 13, pads 14 and 14 for input and pads 15 and 15 for output. 
Turning electrodes 16 and 17 to be turned from the surfaces of respective pads 
through the side face of piezoelectric substrate 1 1 to the rear side of piezoelectric 
substrate 1 1 are connected to the pads 14 and 15 for input and output. A SAW 
filter 1 is mounted on the circuit board while respectively linking the top end parts 
of turning electrodes 16 and 17 to pads 41 and 41 on the circuit board. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The surface acoustic element which was equipped with the protective 
coat which is connected to the excitation electrode and this excitation electrode 
for being formed in the front face of a piezo electric crystal substrate and a piezo 
electric crystal substrate, and exciting a surface acoustic wave, covers the 
ejection electrode and excitation electrode for connection with an external circuit, 
is formed, and consists of insulating materials, and some ejection electrodes [ at 
least ] have exposed from the protective coat. 

[Claim 2] Two or more pads (14) which connected the ejection electrode to the 
front face of said piezo electric crystal substrate (11) with the signal I/O section of 
an excitation electrode, and were formed, and (15), The surface acoustic element 
according to claim 1 which two or more surroundings lump electrodes (16) which 
turn to the rear face of a piezo electric crystal substrate (11) through the side 
face of a piezo electric crystal substrate (11) from the front face of each pad, and 
(17) were consisted of, and two or more surroundings lump electrodes (16) and 
(17) have exposed from said protective coat (18). 

[Claim 3] Two or more surface pads which connected the ejection electrode to 
the front face of said piezo electric crystal substrate (21) with the signal I/O 
section of an excitation electrode, and were formed (24a) (25a), Two or more 
rear-face pads which the rear face of a piezo electric crystal substrate (21) was 
made to correspond with each surface pad, and were formed in it (24b) (25b), 
The surface acoustic element according to claim 1 which the piezo electric 
crystal substrate (21) was penetrated, two or more connection electrodes (26) 



which connect electrically each surface pad and each corresponding rear-face 
pad of each other, and (27) were consisted of, and two or more rear-face pads 
(24b) (25b) have exposed from said protective coat (28). 
[Claim 4] An ejection electrode is a surface acoustic element according to claim 1 
which two or more pads (34) which connected with the signal I/O section of an 
excitation electrode, and were formed in the front face of said piezo electric 
crystal substrate (31), and (35) were consisted of, and some each pad has 
exposed from said protective coat (36). 

[Claim 5] A protective coat is a surface acoustic element given in any of claim 1 
which has thickness with the wavelength of the surface acoustic wave excited on 
a piezo electric crystal substrate more greatly than 200A smaller than 6 times 
thru/or claim 4 they are. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the surface acoustic element 
which can be mounted on the circuit board, without holding on a piezo electric 



crystal substrate at a package about the surface acoustic element which comes 

to form the excitation electrode for exciting a surface acoustic wave. 

[0002] 

[Description of the Prior Art] Conventionally, in communication equipment, such 
as a portable telephone, the surface acoustic element is used as circuit elements, 
such as a resonator filter and the delay line for signal processing. For example, in 
the surface acoustic wave filter (5) shown in drawing 1414 and drawing 15 , while 
the Kushigata electrode (52) of a pair and (52) are formed in the front face of a 
piezo electric crystal substrate (51), a grid-like reflector (53) and (53) are formed 
in the both sides. The pad for an input of a pair (54), (54), and the pad for an 
output of a pair (55) and (55) are connected to the Kushigata electrode (52) and 
(52), respectively. 

[0003] In the above-mentioned surface acoustic wave filter (5), in order to protect 
the Kushigata electrode (52), (52), and a reflector (53) and (53) from dust or 
moisture in case it mounts on the circuit board (4) since the front face of the 
Kushigata electrode (52), (52), and a reflector (53) and (53) is exposed, holding . 
in a package (6), as a surface acoustic wave filter (5) is shown in drawing 15 is 
performed. Namely, a surface acoustic wave filter (5) is fixed to the inside of the 
package (6) with which two or more electrodes (61), (61), (61), and (61) were 
attached, and the pad for an input (54) of a surface acoustic wave filter (5), (54), 
and the pad for an output (55) and (55) be mutually connected with said two or 
more electrodes (61), (61), (61), and (61) by the bonding wire (56), respectively. 
And each electrode (61) is fixed to each pad (41) on the circuit board (4) by the 
solder layer (62), and a surface acoustic wave filter (5) is mounted on the circuit 
board (4). 
[0004] 

[Problem(s) to be Solved by the Invention] However, since it is necessary to hold 
it in a package (6) like **** in case the conventional surface acoustic wave filter 
(5) is mounted on the circuit board (4), it has the problem from which equipment 
becomes large-sized and structure also becomes complicated in the state of 



mounting. The purpose of this invention is offering the surface acoustic element 
which can be directly mounted on the circuit board, without holding in a package. 
[0005] 

[Means for Solving the Problem] The surface acoustic element concerning this 
invention was equipped with the protective coat which is connected to the 
excitation electrode and this excitation electrode for being formed in the front 
face of the substrate which has piezoelectric, and a substrate, and exciting a 
surface acoustic wave, covers the ejection electrode and excitation electrode for 
connection with an external circuit, is formed, and consists of insulating materials, 
and some ejection electrodes [ at least ] have exposed it from the protective coat. 
[0006] In the surface acoustic element concerning this invention, an excitation 
electrode is protected from dust or moisture by the protective coat. Therefore, in 
case this surface acoustic element is mounted on the circuit board, it is not 
necessary to hold in a package and can mount on the circuit board directly like 
the conventional surface acoustic element. That is, a surface acoustic element 
connects an ejection electrode to the external circuit on the circuit board 
electrically, and is mounted on the circuit board. Here, since the protective coat is 
formed from insulating materials, neither an excitation electrode nor an ejection 
electrode is short-circuited electrically, and trouble is not produced in the 
actuation as a surface acoustic element. 

[0007] Two or more pads (14) which connected the ejection electrode to the front 
face of said piezo electric crystal substrate (11) with the signal I/O section of an 
excitation electrode, and were specifically formed, and (15), It consisted of two or 
more surroundings lump electrodes (16) which turn to the rear face of a piezo 
electric crystal substrate (11) through the side face of a piezo electric crystal 
substrate (11) from the front face of each pad, and (17), and two or more 
surroundings lump electrodes (16) and (17) are exposed from said protective 
coat (18). 

[0008] The surface acoustic element which has this concrete configuration 
connects with two or more pads (41) on the circuit board (4) the point of two or 



more surroundings lump electrodes (16) extended at the rear face of a piezo 
electric crystal substrate (11), and (17), and is mounted on the circuit board (4). 
The input signal inputted through a pad (41) from the circuit board (4) is supplied 
to the signal input part of an excitation electrode through a surroundings lump 
electrode (16) and a pad (14). The output signal pass a pad (15) is supplied to 
the circuit board (4) by this through a surroundings lump electrode (17) and a pad 
(41) from the signal output part of an excitation electrode. 
[0009] Moreover, two or more surface pads which connected the ejection 
electrode to the front face of said piezo electric crystal substrate (21) with the 
signal I/O section of an excitation electrode, and were specifically formed (24a) 
(25a), Two or more rear-face pads which the rear face of a piezo electric crystal 
substrate (21) was made to correspond with each surface pad, and were formed 
in it (24b) (25b), The piezo electric crystal substrate (21) was penetrated, it 
consisted of two or more connection electrodes (26) which connect electrically 
each surface pad and each corresponding rear-face pad of each other, and (27), 
and two or more rear-face pads (24b) (25b) are exposed from said protective 
coat (28). 

[0010] The surface acoustic element which has this concrete configuration 
connects two or more rear-face pads (24b) (25b) with two or more pads (41) on 
the circuit board (4), and is mounted on the circuit board (4). pass a pad (41) 
from the circuit board (4) - the input signal inputted should pass a rear-face pad 
(24b), a connection electrode (26), and a surface pad (24a) -- the signal input 
part of an excitation electrode is supplied. The output signal pass a surface pad 
(25a) is supplied to the circuit board (4) by this through a connection electrode 
(27), a rear-face pad (25b), and the pad (41) on the circuit board (4) from the 
signal output part of an excitation electrode. 

[001 1] Moreover, the ejection electrode consisted of two or more pads (34) which 
connected with the signal I/O section of an excitation electrode, and were formed 
in the front face of said piezo electric crystal substrate (31), and (35), and, 
specifically, some each pad has exposed it from said protective coat (36). 



[0012] The surface acoustic element which has this concrete configuration 
connects two or more pads (34) and (35) with two or more pads (41) on the 
circuit board (4), and is mounted on the circuit board (4). The input signal 
inputted through a pad (41) from the circuit board (4) is supplied to the signal 
input part of an excitation electrode through a pad (34). The output signal pass a 
pad (35) is supplied to the circuit board (4) by this through the pad (41) on the 
circuit board (4) from the signal output part of an excitation electrode. 
[0013] Furthermore, specifically, a protective coat has thickness with the 
wavelength of the surface acoustic wave excited on a piezo electric crystal 
substrate more greatly than 200A smaller than 6 times. 
[0014] An excitation electrode can fully be protected neither from dust nor 
moisture as too little [ the thickness of a protective coat ], but it has a bad 
influence on the surface acoustic wave propagation property of a surface 
acoustic element as the thickness of a protective coat is excessive. Then, by 
setting the thickness of a protective coat as the above-mentioned concrete range, 
an excitation electrode can be completely protected from dust or moisture, and, 
in **, the property of a surface acoustic element does not receive a bad influence. 
[0015] 

[Effect of the Invention] It can mount on the circuit board directly, without 
according to the surface acoustic element concerning this invention, holding a 
surface acoustic element in a package, since the excitation electrode is covered 
with the protective coat. 
[0016] 

[Embodiment of the Invention] Hereafter, this invention is concretely explained 
along with a drawing about three examples carried out in the surface acoustic 
wave filter. 

1st example drawing 1 thru/or drawing 3 express the condition of having 
mounted the surface acoustic wave filter (1) of this example on the circuit board 
(4). In addition, although drawing 3 expresses the cross section which meets the 
drawing 2 A-A line, in drawing 3 R> 3, for convenience, it changes the sense of 



the Kushigata electrode (12) 90 degrees, and expresses it. In the surface 
acoustic wave filter (1) of this example, while the Kushigata electrode (12) of a 
pair and (12) are formed in the front face of a piezo electric crystal substrate (11) 
like illustration, a grid-like reflector (13) and (13) are formed in the both sides. 
Here, it is 1.1 micrometers between [ both ] the line breadth of the Kushigata 
electrode (12) and a reflector (13), and a line, and a surface acoustic wave with a 
wavelength of 4.4 micrometers will excite them on a piezo electric crystal 
substrate (11). The pad for an input of a pair (14), (14), and the pad for an output 
of a pair (15) and (15) are connected to the Kushigata electrode (12) and (12), 
respectively. 

[0017] And the substrate inside section (14a) (14a) (15a) of the Kushigata 
electrode (12), (12), a reflector (13) and (13), the pad for an input (14) and (14), 
and the pad for an output (15) and (15) (15a) is covered in the front face of a 
piezo electric crystal substrate (11), and insulating materials (18), for example, 
the protective coat of 200A - 15 micrometers of thickness which consists of Si02, 
be formed in it Here, since the protective coat (18) is formed from insulating 
materials, it does not short-circuit electrically the Kushigata electrode (12), (12), 
the pad for an input (14) and (14), and the pad for an output (15) and (15), and 
does not produce trouble in the actuation as a surface acoustic wave filter (1). 
Moreover, the thickness of a protective coat (18) is set up smaller [ it is larger 
than 200A and ] than wavelength 6 times the value of the surface acoustic wave 
excited on a piezo electric crystal substrate (11). By this, the Kushigata electrode 
(12), (12), and a reflector (13) and (13) can be completely protected from dust or 
moisture, and the property of a surface acoustic wave filter (1) does not receive a 
bad influence for **, either. 

[0018] moreover, to the substrate lateral part (14b) (14b) (15b) of the pad for an 
input (14), (14), and the pad for an output (15) and (15) (15b) The surroundings 
lump electrode (16) which turns to the rear face of a piezo electric crystal 
substrate (11), and is extended through the side face of a piezo electric crystal 
substrate (11) from the front face of these pads (14), (14), (15), and (15), (16), 



(17), and (17) are connected. Here, a surroundings lump electrode (16), (16), 
(17), and (17) are formed from the alloy of Au, Ag, and Pd. This surface acoustic 
wave filter (1) fixes the point of a surroundings lump electrode (16), (16), (17), 
and (17) to the pad (41) on the circuit board (4) by the solder layer (7), 
respectively, and is mounted on the circuit board (4). 

[0019] In this surface acoustic wave filter (1), the input signal inputted through a 
pad (41) and (41) from the circuit board (4) is supplied to the Kushigata electrode 
(12) through a solder layer (7), (7), a surroundings lump electrode (16) and (16), 
and the pad for an input (14) and (14). The output signal pass the pad for an 
output (15) and (15) is supplied to the circuit board (4) by this through a 
surroundings lump electrode (17), (17), a solder layer (7) and (7), and a pad (41) 
and (41) from the Kushigata electrode (12). 

[0020] Drawing 4 and drawing 5 express the production process and mounting 
process of the above-mentioned surface acoustic wave filter (1). In addition, 
although drawing 4 R> 4 and drawing 5 express the production process and 
mounting process in the cross section which meets the drawing 2 A-A line, in 
drawing 4 and drawing 5 , for convenience, they change the sense of the 
Kushigata electrode (12) 90 degrees, and express it. First, after forming the 
aluminum-Cu film of 4000A of thickness on the front face of a wafer (10) with a 
thickness of 350 micrometers it is thin from lithium tantalate (LiTa03) by RF 
sputtering, with photolithography, patterning is performed on it and two or more 
Kushigata electrodes (12), reflectors, pads for an input, and pads for an output 
(15) are formed in it like drawing 4 (a). Here, the Kushigata electrode (12), a 
reflector, the pad for an input, and the pad for an output (15) have the 
predetermined pattern of drawing 2 which should constitute one surface acoustic 
wave filter (1), and two or more these patterns are formed on a wafer (10). 
[0021] Next, like drawing 4 (b), all over a wafer (10), the Kushigata electrode (12), 
a reflector, the pad for an input and the pad for an output (15), and (15) are 
covered, and the protective coat (18) of 200A - 15 micrometers of thickness 
which consists of Si02 by RF sputtering is formed, here -- as the membrane 



formation approach of a protective coat (18) -- the ion-beam-etching method, 
electron beam vacuum deposition, or chemical vapor growth (CVD) - it is also 
possible to adopt law. Then, the ion beam etching or wet etching which used the 
resist (illustration abbreviation) is performed on the surface of a protective coat 
(18), patterning is performed, as shown in this drawing (c), opening (18a) (18a) is 
prepared and the substrate lateral part (15b) (15b) of the pad for an input and the 
pad for an output (15), and (15) is exposed from a protective coat (18). Here, as 
the patterning approach of a protective coat (18), it is also possible to adopt the 
lift-off method. And it cuts along with the broken line illustrating a wafer (10), and 
as shown in this drawing (d), it dissociates for every pattern. 
[0022] Furthermore, like drawing 5 (a), by spreading of the conductive ink which 
comes to mix Au, Ag, and Pd, a surroundings lump electrode (17) and (17) are 
formed, and a surface acoustic wave filter (1) is completed. It is also possible to 
adopt the paste which comes to mix Au, Ag, and Pd, or solder as a surroundings 
lump electrode (17) here. And a solder ball (70) and (70) are made to adhere to 
the point of a surroundings lump electrode (17) and (17), as shown in this 
drawing (b). Each solder ball (70) of the above-mentioned surface acoustic wave 
filter (1) is contacted to each pad (41) corresponding to the last in the circuit 
board (4), and a solder ball (70) is made to fuse with heating, where a surface 
acoustic wave filter (1) is installed on the circuit board (4). By this, it turns like 
drawing 1 and drawing 5 (c), the point of a lump electrode (16), (16), (17), and 
(1 7) is fixed to the pad (41 ) of the circuit board (4), (41 ), (41 ), and (41 ) by the 
solder layer (7), (7), (7), and (7), and a surface acoustic wave filter (1) is directly 
mounted on the circuit board (4). 

[0023] 2nd example drawing 6 and drawing 7 express the condition of having 
mounted the surface acoustic wave filter (2) of this example on the circuit board 
(4). In addition, although drawing 7 expresses the cross section which meets the 
drawing 6 A-A line, in drawing 7 R> 7, for convenience, it changes the sense of 
the Kushigata electrode (22) 90 degrees, and expresses it. In the surface 
acoustic wave filter (2) of this example, while the Kushigata electrode (22) of a 



pair and (22) are formed in the front face of a piezo electric crystal substrate (21) 
like illustration, a grid-like reflector (23) and (23) are formed in the both sides. 
Here, it is 1 .1 micrometers between [ both ] the line breadth of the Kushigata 
electrode (22) and a reflector (23), and a line, and a surface acoustic wave with a 
wavelength of 4.4 micrometers will excite them on a piezo electric crystal 
substrate (21). The surface pad for an input of a pair (24a) (24a) and the surface 
pad for an output of a pair (25a) (25a) are connected to the Kushigata electrode 
(22) and (22), respectively. 

[0024] The rear-face pad for an input (24b) (24b) and the rear-face pad for an 
output (25b) (25b) are formed in the location which corresponds to the rear face 
of a piezo electric crystal substrate (21) with the surface pad for an input (24a) 
(24a), and the surface pad for an output (25a) (25a), respectively. Moreover, two 
or more connection electrodes (26) which penetrate perpendicularly the surface 
pad for an input (24a) (24a), a piezo electric crystal substrate (21), and the rear- 
face pad for an input (24b) (24b), and are extended, and (26) are formed in the 
piezo electric crystal substrate (21). Moreover, two or more connection 
electrodes (27) which penetrate perpendicularly the surface pad for an output 
(25a) (25a), a piezo electric crystal substrate (21), and the rear-face pad for an 
output (25b) (25b), and are extended, and (27) are formed in the piezo electric 
crystal substrate (21). These connection electrodes (26), (26), (27), and (27) It is 
formed from the materials which have conductivity. By this The surface pad for 
an input (24a) (24a), and the rear-face pad for an input (24b) (24b), The surface 
pad for an output (25a) (25a) and the rear-face pad for an output of each other 
(25b) (25b) will be connected electrically, respectively. 
[0025] And all over the piezo electric crystal substrate (21), the surface pad for 
Kushigata electrode (22) (22) reflector (23) (23) input (24a) (24a), the surface 
pad for an output (25a) (25a) and a connection electrode (26), (26), (27), and 
(27) are covered, and insulating materials (28), for example, the protective coat 
of 200A - 1 5 micrometers of thickness which consists of Si02, are formed. Here, 
since the protective coat (28) is formed from insulating materials, it does not 



short-circuit electrically the surface pad for Kushigata electrode (22) (22) input 
(24a) (24a), and the surface pad for an output (25a) (25a), and does not produce 
trouble in the actuation as a surface acoustic wave filter (2). Moreover, the 
thickness of a protective coat (28) is set up smaller [ it is larger than 200A and ] 
than wavelength 6 times the value of the surface acoustic wave excited on a 
piezo electric crystal substrate (21). By this, the Kushigata electrode (22), (22), 
and a reflector (23) and (23) can be completely protected from dust or moisture, 
and the property of a surface acoustic wave filter (2) does not receive a bad 
influence for **, either. 

[0026] This surface acoustic wave filter (2) fixes the rear-face pad for an input 
(24b) (24b), and the rear-face pad for an output (25b) (25b) to the pad (41) on 
the circuit board (4) by the solder layer (71), respectively, and is mounted on the 
circuit board (4). 

[0027] pass a pad (41) and (41) from the circuit board (4) in this surface acoustic 
wave filter (2) - the input signal inputted should pass the rear-face pad for solder 
layer (71) (71) input (24b) (24b), a connection electrode (26), (26), and the 
surface pad for an input (24a) (24a) - the Kushigata electrode (22) is supplied. 
The output signal pass the surface pad for an output (25a) (25a) is supplied to 
the circuit board (4) by this through the rear-face pad for connection electrode 
(27) (27) output (25b) (25b), a solder layer (71), (71), and a pad (41) and (41) 
from the Kushigata electrode (22). 

[0028] Drawing 8 and drawing 9 express the production process and mounting 
process of the above-mentioned surface acoustic wave filter (2). In addition, 
although drawing 8 R> 8 and drawing 9 express the production process and 
mounting process in the cross section which meets the drawing 6 A-A line, in 
drawing 8 and drawing 9 , for convenience, they change the sense of the 
Kushigata electrode (22) 90 degrees, and express it. First, after forming the 
aluminum-Cu film of 4000A of thickness on the front face of a wafer (20) with a 
thickness of 350 micrometers it is thin from lithium tantalate (LiTa03) by RF 
sputtering, with photolithography, patterning is performed on it and two or more 



Kushigata electrodes (22), a reflector, the surface pad for an input, and the 
surface pad for an output (25a) are formed in it like drawing 8 (a). Moreover, two 
or more rear-face pads for an input and the rear-face pad for an output (25b) are 
formed in the location corresponding to the rear face of a wafer (20) in the 
surface pad for an input, and the surface pad for an output (25a) by the same 
approach, respectively. Here, the Kushigata electrode (22), a reflector, the 
surface pad for an input, and the surface pad for an output (25a) have the 
predetermined pattern of drawing 6 which should constitute one surface acoustic 
wave filter (2), and two or more these patterns are formed on a wafer (20). 
[0029] Next, while establishing the through hole (illustration abbreviation) which 
penetrates perpendicularly the surface pad for an input, a wafer (20), and the 
rear-face pad for an input like drawing 8 (b), the through hole (25c) (25c) which 
penetrates perpendicularly the surface pad for an output (25a) (25a), a wafer (20), 
and the rear-face pad for an output (25b) (25b) is established. Then, as shown in 
this drawing (c), after throwing two or more solder balls (72) into the interior of 
said through hole, respectively, a solder ball (72) is fused with heating, the fused 
solder is made to adhere to the inner skin of a through hole (25c) (25c), as 
shown in this drawing (d), and a connection electrode (27) and (27) are formed. 
[0030] Then, like drawing 9 (a), all over a wafer (20), the Kushigata electrode 
(22), a reflector, the surface pad for an input, the surface pad for an output (25a) 
(25a) and a connection electrode (27), and (27) are covered, and the protective 
coat (28) of 200A - 15 micrometers of thickness which consists of Si02 by RF 
sputtering is formed. Furthermore, it cuts along with the broken line illustrating a 
wafer (20), and as shown in this drawing (b), it dissociates for every pattern and 
a surface acoustic wave filter (2) is completed. And a solder ball (73) is made to 
adhere to the rear-face pad for an input, and the rear-face pad for an output 
(25b) (25b), respectively, as shown in this drawing (c). Each solder ball (73) of 
the above-mentioned surface acoustic wave filter (2) is contacted to each pad 
(41) corresponding to the last in the circuit board (4), and a solder ball (73) is 
made to fuse with heating, where a surface acoustic wave filter (1) is installed on 



the circuit board (4). By this, as shown in this drawing (d), the rear-face pad for 
an input and the rear-face pad for an output (25b) (25b) are fixed to the pad (41) 
of the circuit board (4), and (41) by the solder layer (71) and (71), and a surface 
acoustic wave filter (2) is directly mounted on the circuit board (4). 
[0031] 3rd example drawing 10 and drawing 1 1 express the condition of having 
mounted the surface acoustic wave filter (3) of this example on the circuit board 
(4). In addition, although drawing 1 1 expresses the cross section which meets 
the drawing 10 A-A line, in drawing 11 , for convenience, it changes the sense of 
the Kushigata electrode (32) 90 degrees, and expresses it. In the surface 
acoustic wave filter (3) of this example, while the Kushigata electrode (32) of a 
pair and (32) are formed in the front face of a piezo electric crystal substrate (31) 
like illustration, a grid-like reflector (33) and (33) are formed in the both sides. 
Here, it is 1.1 micrometers between [ both ] the line breadth of the Kushigata 
electrode (32) and a reflector (33), and a line, and a surface acoustic wave with a 
wavelength of 4.4 micrometers will excite them on a piezo electric crystal 
substrate (31). The pad for an input of a pair (34), (34), and the pad for an output 
of a pair (35) and (35) are connected to the Kushigata electrode (32) and (32), 
respectively. 

[0032] And the periphery section of the Kushigata electrode (32), (32), a reflector 
(33) and (33), the pad for an input (34) and (34), and the pad for an output (35) 
and (35) is covered on the front face of a piezo electric crystal substrate (31), and 
insulating materials (36), for example, the protective coat of 200A - 15 
micrometers of thickness which consists of Si02, are formed in it. This protective 
coat (36) has two or more openings (36a) (36a) (36b) (36b) in the core of the pad 
for an input (34), (34), and the pad for an output (35) and (35). Here, since the 
protective coat (36) is formed from insulating materials, it does not short-circuit 
electrically the Kushigata electrode (32), (32), the pad for an input (34) and (34), 
and the pad for an output (35) and (35), and does not produce trouble in the 
actuation as a surface acoustic wave filter (3). Moreover, the thickness of a 
protective coat (36) is set up smaller [ it is larger than 200A and ] than 



wavelength 6 times the value of the surface acoustic wave excited on a piezo 
electric crystal substrate (31). Therefore, the Kushigata electrode (32), (32), and 
a reflector (33) and (33) can be completely protected from dust or moisture, and 
the property of a surface acoustic wave filter (3) does not receive a bad influence 
for **, either. 

[0033] This surface acoustic wave filter (3) makes the field in which the 
Kushigata electrode (32) of a piezo electric crystal substrate (31) and (32) are 
formed counter the circuit board (4). The pad for an input (34), (34), and the pad 
for an output (35) and (35) are fixed to the pad (41) on the circuit board (4) by the 
solder layer (74) currently formed in said each opening, respectively, and it is 
mounted on the circuit board (4). 

[0034] In this surface acoustic wave filter (3), the input signal inputted through a 
pad (41) and (41) from the circuit board (4) is supplied to the Kushigata electrode 
(32) through a solder layer (74), (74), and the pad for an input (34) and (34). The 
output signal pass the pad for an output (35) and (35) is supplied to the circuit 
board (4) by this through a solder layer (74), (74), and a pad (41) and (41) from 
the Kushigata electrode (32). 

[0035] Drawing 12 and drawing 13 express the production process and mounting 
process of the above-mentioned surface acoustic wave filter (3). In addition, 
although drawing 12 and drawing 13 express the production process and 
mounting process in the cross section which meets the drawing 10 A-A line, in 
drawing 12 and drawing 13 , for convenience, they change the sense of the 
Kushigata electrode (32) 90 degrees, and express it. First, after forming the 
aluminum-Cu film of 4000A of thickness on the front face of a wafer (30) with a 
thickness of 350 micrometers it is thin from lithium tantalate (LiTa03) by RF 
sputtering, with photolithography, patterning is performed on it and two or more 
Kushigata electrodes (32), reflectors, pads for an input, and pads for an output 
(35) are formed in it like drawing 12 (a). Here, the Kushigata electrode (32), a 
reflector, the pad for an input, and the pad for an output (35) have the 
predetermined pattern of drawing 10 which should constitute one surface 



acoustic wave filter (3), and two or more these patterns are formed on a wafer 
(30). 

[0036] Next, like drawing 12 (b), all over a wafer (30), the Kushigata electrode 
(32), a reflector, the pad for an input and the pad for an output (35), and (35) are 
covered, and the protective coat (36) of 200A - 15 micrometers of thickness 
which consists of Si02 by RF sputtering is formed. Then, the ion beam etching or 
wet etching which used the resist (illustration abbreviation) is performed on the 
surface of a protective coat (36), patterning is performed, as shown in this 
drawing (c), two or more openings (36b) (36b) are prepared, and the core of the 
pad for an input and the pad for an output (35), and (35) is exposed from a 
protective coat (36). 

[0037] Then, after making a solder ball (75) and (75) adhere in opening (36b) 
(36b) as shown in this drawing (d), a wafer (30) is cut along with a broken line, 
like drawing 13 (a), it dissociates for every pattern and a surface acoustic wave 
filter (3) is completed. 

[0038] Each solder ball (75) of the above-mentioned surface acoustic wave filter 
(3) is contacted to each pad (41) corresponding to the last in the circuit board (4), 
and a solder ball (75) is made to fuse with heating, where a surface acoustic 
wave filter (3) is installed on the circuit board (4). By this, as shown in this 
drawing (b), the pad for an input and the pad for an output (35), and (35) are 
fixed to the pad (41) of the circuit board (4), and (41) by the solder layer (71) and 
(71), and a surface acoustic wave filter (3) is directly mounted on the circuit 
board (4). 

[0039] According to the surface acoustic wave filter (1) of the 1st, 2nd, and 3rd 
examples of the above, (2), and (3) Since (the Kushigata electrode (12), (22), 
(32) and a reflector (13) and (23), and 33) are covered with a protective coat (18), 
(28), and (36) and are protected from dust or moisture In case it mounts on the 
circuit board (4), it is not necessary to hold a surface acoustic wave filter (1), (2), 
and (3) in a package, and they can be directly mounted like the conventional 
surface acoustic wave filter (5) which the front face of the Kushigata electrode 



(52) and a reflector (53) had exposed. 

[0040] Explanation of the gestalt of the above-mentioned implementation is for 
explaining this invention, and it should not be understood so that invention of a 
publication may be limited to a claim or the range may be ****(ed). Moreover, as 
for each part configuration of this invention, it is needless to say for deformation 
various by technical within the limits given not only in the gestalt of the above- 
mentioned implementation but a claim to be possible. 

[0041] For example, in the 1st, 2nd, and 3rd examples of the above, although the 
wafer (10) which consists of lithium tantalate (LiTa03), (20), and (30) are 
adopted, it is also possible to adopt the wafer which consists of other well-known 
insulating materials (LiNb03), for example, lithium niobate, lithium borate (Li2B 
407), or Xtal. Moreover, it is also possible to adopt the substrate in which the 
piezo electric crystal thin film which consists of alumimium nitride (AIN), a zinc 
oxide (ZuO), or titanic-acid lead zirconate (PZT) was formed on the wafer which 
consists of elastic materials, such as glass, silicon, sapphire, or MgO. 
[0042] Moreover, the Kushigata electrode (12), (22), (32), a reflector (13), (23) 
and (33), the pad for an input, and the pad for an output can deform not only into 
the pattern of the 1st, 2nd, and 3rd examples of the above but into various 
patterns. For example, it is possible to adopt what is not equipped with a reflector, 
and the thing one pad is also [ thing ] used as the pad for an input and a pad for 
an output by the configuration of a filter. 

[0043] Moreover, in the 1st, 2nd, and 3rd examples of the above, although a 
protective coat (18), (28), and (36) are formed from SiO(s)2, such as 
amorphousness, polycrystal, or a microcrystal, it is also possible to form from 
other well-known insulating materials, for example, SiN, SiON(s), AIN(s), or DLC 
(Diamond-like Carbon). Moreover, it is also possible to carry out the laminating of 
these insulating materials, and to obtain the firmer protection engine performance. 
[0044] Furthermore, in the 1st, 2nd, and 3rd examples of the above, although 
solder is adopted in case a surface acoustic wave filter (1), (2), and (3) are 



mounted in the circuit board (4), it is also possible to adopt a solder bump, a 
golden bump, or conductive resin. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] the condition of having mounted the surface acoustic wave filter of 
the 1st example in the circuit board is expressed -- it is a fracture perspective 
view a part. 

[Drawing 2] a condition same as the above is expressed ~ it is a fracture top view 
a part. 

[Drawing 3] It is the sectional view which meets the drawing 2 A-A line showing a 
condition same as the above. 

[Drawing 4] It is process drawing showing the first half of the production process 
of this surface acoustic wave filter. 

[Drawing 5] It is process drawing showing the second half of a process same as 
the above, and a mounting process. 

[Drawing 6] the condition of having mounted the surface acoustic wave filter of 
the 2nd example in the circuit board is expressed - it is a fracture top view a part. 



[Drawing 7] It is the sectional view which meets the drawing 6 A-A line showing a 
condition same as the above. 

[Drawing 8] It is process drawing showing the first half of the production process 
of this surface acoustic wave filter. 

[Drawing 9] It is process drawing showing the second half of a process same as 
the above, and a mounting process. 

[Drawing 10] the condition of having mounted the surface acoustic wave filter of 
the 3rd example in the circuit board is expressed ~ it is a fracture top view a part. 
[Drawing 11] It is the sectional view which meets the drawing 10 A-A line 
showing a condition same as the above. 

[Drawing 12] It is process drawing showing the first half of the production process 
of this surface acoustic wave filter. 

[Drawing 13] It is process drawing showing the second half of a process same as 
the above, and a mounting process. 

[Drawing 14] It is a top view showing the conventional surface acoustic wave 
filter. 

[Drawing 15] It is a sectional view showing the condition of having mounted this 
surface acoustic wave filter on the circuit board. 
[Description of Notations] 

(I) Surface acoustic wave filter 

(II) Piezo electric crystal substrate 

(12) Kushigata electrode 

(13) Reflector 

(14) The pad for an input 

(15) The pad for an output 

(16) Surroundings lump electrode 

(17) Surroundings lump electrode 

(18) Protective coat 
(4) Circuit board 
(41) Pad 
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£©T> W^«S(12) (12), AfcfflAW F(14> (14)Rtf 
Hl*ffl/1y K (15) (15) £«S«Kfil5S-e--&;i£H:fc 
<, #tt^iSafe7^;^-(i)tbT©»^c:XWtt± 
Cfcl*. X, {SHAH (18) ©gyms. 2 0 0A=fc9*>A£ 
<. JI«*S«(ll)±tC®ei--5^ttS®fe©&ft©6 

S(12) (12)fttfK3*»(13) (13) 

ar^^<h^m*. «t>»tt3)Eiii«7^^-(i)©» 

[0 0 18] X. A#fflAWF(14) (14) RtftBfcfll/'W 
F (15) (15)©£«*M!l8M14b) (14b) (15b) (15b) tc(i, n 
ft&O/t-; F (14) (14) (15) (15) ©«ffi^ ^flEH^Sffi (1 

i) ©fflij®^ «Tffim^s« (i i) ©sffitc® o^^T'#y: 

i®0a**a(16) (16) (17) (17)^»ttSnx«r»S. C 
ZT\ @0ji*-«®(16) (16) (17) (17) li. ^JA^Au. 
Ag. R^Pd©#^&»fiRSn«. 

0DjA^S(16) (16) (17) (17)©5taaffl 
¥Bae(7){C«fcOI3gSStR(4)±©Ay F (41) 

icislt. @u8ai£(4)±Ki!i£2n3o 
[0 0 19] K#tt«iiitt7^;^-(i) icii^Ttt. 
0gSStS(4)d^/t^ K (41) (41)^^TA*^nSA^ 
«#tt. #ffl@(7)(7). lHl0ji*«S(16) (16)fttfA 

*IB^y H(14) (14)*«T. »»*«(i2)^«iesn 

z\ti\z^xmmnm(\2)i)^mtim^y F(i5) (i 
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5)£«T»SnSffi*{I^tt, lsir>ii*S«(17) (17). 
¥EBH(7) m&tfA'y F (41) (41)=£iSTI5I?§aiS(4) 

[0020] m4Rzsms\t, ±.m»^mm^y^ )i$ 
-(i)wsitiss^*gii@^s^LT^-5 0 m 

4S^@5(l H2 A-A*!|tC»5$fffitc£tt3©igX 

®RZf%mxmz%t>LT^z>tf> m4&zfm5\zt>\,> 

ffig±. «H£?8«(12)0>fi£&9 0SS£*.Tigfr 
LTlri*. ftf. ^>^;«U^A(LiTaO,)A»6 
'&3JS3 3 5 0 um<DOX/\(lQ)(D&mz, RFXA-y 
?U>yi:J:oT. I8IJP4 0 0 0 A©Al-Cul8i£j£BII 

frfcK g4(a)©50<, &&®«Ng««(12>. KM 
§§. A#ffl/W HR^a^ffl^v K (15) *»j«-r*. C 
IT. tfflMlff(lZ). KW§§. A7JfflA*>y F&tfttiTJffl 
A"<y F(15)«. l:3©#tt^ffife7-f;l^-(l)*fl|j* 
T^^ia 2 ©3fj£A* — >£#l>. 7XA (10) JifCte. 

[0 0 2 1 ] ifctc. BI4 (b)©$D<. 7XA(10)©£ffi 
(C. tf)g«ff(12). A2/fflA--y F&tffflTJfflA- 

•y FU5) U5)£8oT. R F 7*l\y 5> U >^tCJ: 0 S i 
0»a»&ftaKJ*2 0 0 A~l 5 um©«§Slg| (18) £j£ 
fflt-fS. HT, ffi§llg(l8)©J«Sf&<iLTfi. -f* 

»affijSg(CVD)ft£fUBT4££t>»IirC*S. fit 
t»T. «tfH(l8)©Sffil;:. l/y*MH**»)*fflt» 

JtbT/'«^-=>yfcffftt», HH(c)0)*n<Hn(l8 
a) (I8a) SRttT, ATJfflAy H&^fflAfflAy F (15) 

(15) (Dmmnvam (isw dsw si os) a^ams-a- 

So ICT, «SK(l8)©/1^-x>^}*i:LTti. 
XA(lO)£BST*«i»K»oT«]WrUT, Rl(d)© 
[0 0 2 2] jglc. 05 (alCDjJK. Au. Ag&tfPd 

t x& & * ©^tp tc £ r> xm o 
mm) (i7)£»j«u #tt^ifi«[7-rj^-{i)s^js 

-f5. IIT, l3Da**«(17) tUTfi. Au, Ag. 
&tfPd£?g£LT&3^-7.F. i£Htt¥ffl£«fflT 
5d£t>Bjfr?&-2>o fLT, I^EI(b)©$D<. @C>& 
*S«(17) (17>©ftS8fiBk:¥ffl#--JM70) (70)£ttif-t* 
U#5„ ±E#tt*iB&7-<;^-(l)fl!)ft¥ 
ffltf-^ (70) ^@SSS« (4) ©Mt5^7 F (41) IZ 
«ttS-&T, Wtt»1Btt7^;^-(l)«[Bl»S«(4) 

±ic»BUfcttffiT. ¥ffltf-;u (70) sjnj»c«k o ^Hfi 

inCi^T, 01Rtf05 (c)<D$n<0»3 
j^*me§(16) (16) (17) (17)©ft3gg&£#EB)f (7) (7) 
(7) (7)K«fcDlHlg&S«(4)0AW K (41) (41) (41) (41) 

«(4)±IC*^TS. 
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[0023] ^2mmm 

B6RtfH7tt. **»«»5Pttafflft7<fJ^-(2) 
*@KS«(4)±t^SUfc«!fi*atoLTlri4. ft. 
07 B, H6A-A«lC»5»fiS*StolxTl»a*«. B 
7(cfe^T«> ffiS±. ttH«&H(22)©|6l3£9 0«I£ 

AT*febT^«. *MM9©#tt*Hi*:7-r**- 

(2)l;^V>tH 0jS©$D<, (21) ©SIB 

C -**©«»«« (22) (22)**»J5£Snst*K. •?■© 
WflJKtt^ttCEWS (23) (23)j&«#J*3ftT^S. 

io t?. »»*ffi(22)&^si*8i(23)©iii«at;iiiai«*tc 

1. 1 (imT^O. EE«#Sfi(21)JiK:tt. $*4. 4m 
m©»tt*ffifcPBST« «S^Hffi(22) (2 
2) Ktt** . -*f©A*;ffl3tBA v F (24a) (24a) , Stf 
-»©m^fflSEA-y F (25a) (25a) ^S«3ntV>4. 
[0 0 2 4] ffi«^Xffi(21)©SSttt, ATjfflSlBA 
>y F (24a) (24a) &tfm#flmfflA>y F (25a) (25a) tttfc 
TSftSIc**. ATjfflUBA-y F (24b) {24b) RZSlhtl 
mwmnv F(25b) (25b)#J&fiJc£ftT^S. X, ffm 
Sfc(21) Ctt, A*lfflSlBA-y F (24a) (24a) . ffiStt* 
20 S(21)S^A73ffl«S/1-y F (24b) (24b) ZmmzMML 

T#tf4a«©«a«a (26) (26)a»»rtsn-cn*. 

X. E*#affi(21)K«. iBAfflSS^y F (25a) (25 
a). E.n&m&(2l)RtfmijmmWKy F(25b) (25b) <£r 
£B£KaLT#tfSgft®ftfltttfi (27) (27) jWBjSS 
ftTV>S. in5>©«^*@(26) (26) (27) (27) tt. ^* 

ffi/1-y F (24a) (24a) £A7jffl»EA-7 F (24b) (24b) , ffl 
TjfflaSA-y F (25a) (25a) tttS7Jffl*ffiA^ F (25b) (25 

30 [0025] fix, ms^affi (2D <D£m\z, ®>mn 

mm) (22), SWS(23) (23). Xttmrnmny F(24a) 
(24a) . m*fflSBf^y F (25a) (25a) (26) 
(26) (27) (27)£«oT. MflH£««. «AtfSiO»>fl»& 
)ft*Bt»2 0 0 A~l 5 Mm©^«^(28)*^figSnT 
US. HT, ««IBI(28)tt«att*#*^»lSS*lT 
^-5©Tr. TO«®(22) (22). ATjfflgffiA^ F (24a) 
(24a)St5m^>ffl«ffi/t>y F (25a) (25a) 
St*utttft<. #tt^®&7^;P^-(2)«hbT© 
ftffCSWtt^Ua:^. X. ftHR (28) ©ggJPB. 2 0 
40 0 AcfcOt>A^<. ffi«^S«(21)±lci!i^-rs#tta 

ffi^©ift*©6{g©{gck0fc/jNS<i9:^$ns„ mi: 
iot. ®&nmm) (22) (23) (23)<&s^s 

( 2 ) ©fttt*<lise«£3tt* - 1 1>*^. 

[0 0 2 6] tt#te«iBtt7-r»*-(2)tt. A73fflffi 
BA-y F (24b) (24b) St5m*fflffiHA*<y F (25b) (25b) £ 
¥BB®(71) (CcfcO (HJSSStS (4) ±©A-y F (41) fC 
S^bT. 0?§aiS(4)±lC||gSnS„ 
[0 0 2 7 ] K#ttaffi«74;l^-(2)K*Slr>Ttt. 
50 0?§aiS(4)^bA-y F (41) (41) £^TA73$tlS A^J 



(5) 
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mmt, *mma\) (7i). xxmmmrty fmm (24 

b). &®MM{26) (26)RtfA#JH3lffiA'>y H (24a) (24a) 

Sffi(22)A»&a*ffl&ffi/'W F(25a) (25a) SST&Sft 
^.Hi^m^ia. &fft«f(27) (27). ^ffllffi/t7H(2 
5b) (25b) . ¥ffl« (71) (71) fttf/ty F (41) (41) £ST. 

0»*«(4)^#«&att*. 

[0 0 2 8] 0 8Rtf0 9f4, ±ie#tt*ffi&7 ^ JU^ 

-(2)©«jfiia&tf*«iafciEt>bT^a. 0 
8iEffla9tt, 06 p,-Amzmommz&»z>®ki&x 10 

Ttt. «£±. »^m«(22)©fi#£9 O^iti^ 
Jfrf. *>*;MtU?»>A(LiTaO»)a*& 
3 5 0 MmCO-y-XA (20) GQ^BfC, RFX/t-y 
^U>^(CJ;-pT. SIJP4 0 0 0 A©A1-Cu)g|£j£lg| 

frfct*. 0 8(a)©»<. £$c©«fi}gtt&(22) . Eft 
IB, A^fflSlffi/'W K&tffflfcfflSffiAW F (25a) 
J*TS. X. R«l©?jteT'. ■>X/N(20)OSiSC, A** 
ffl^ffiA-y F (25a) ©MJStSfi 20 

K (25W «Hg«S(22K 
AftfflXO/t? KRtfffiaffi£ffi/W F(25aM4. lo 
®#tts8Ii»:7*;W*--(2) SflWrr^ia 6 
*—>**U 7XA (20) ±tcte. R/^^->*«fflft§i 

[0029] 08 (b)©*p<. xtsmmm^v 

F, 7XA(20)RtfA7Jffl«[SA>;/ HSSSCIIti 

A" 'y H (25a) (25a) . 7XA (20) RtftB^fflgffiAy F (2 30 
5b) (25b)*liitKJia-r*x;U-*-;K25c) (25c) 

its. ttt»T, l^0(c)©$n<. WEX^-*-;ko 

(*|g&{C**. *»©i|iffljH-;K72)*aAUfc«. ¥H 
tf-A (72) SMfcfcJ: D»lKbT, igJ8!Lfc¥B£l^0 
(d)©£D<x;U-*-;M25c) (25c) ©rtJfffifCft-^-trL 
«6. S«W«(27) (27)£H&S-r*. 

[0 0 3 0] ■€•©«. 0 9 (a)©tt<. 7XA(20)©£ 
SIC. (g5^ffi£§(22). AAffliS/VyK. Si* 

mXWrty F(25a) (25a)K^tt««(27) (27) £go 
T. RFX^y^U>i^CJ:0SiOa*»6«:SBIJP2 0 40 
0 A~l 5Mm©«©^(28)^BKM-r?). 5E(C. 7XA 
(20)£Birr*«l8fc»^T«J»rLT. ra0(b)©$D< 

■T*. fl/t. l^0(c)©$O<A*ffliBffiA-y FRl/ffi 
fcJBKiB/Xy F (25b) (25b) ¥ffl*-;M73) £tt 

«HtL©£. ±E#tt^E&7-r;v^-(2)© 
#¥eb*-^ (73) siii8sas(4)©»rt>-r**/'«y f (4 
Di:8ttStT. #ttSiB«:7-r;u*-(i)£i3isa<g 
(4) ±(ckb LfettSlT. ¥H*-;i/ (73) sunfRict 0 

Jtfflitb&S. CiniCcfcoT. [sl0(d)©$n<A^ffl* 50 



ffiA-y F&tfUjafflSiBAW F (25b) (25b) £#fflffl (71) 
(71) £<fc!3 B»S« (4) ©Ay F (41) (41) ICBtLT, 
3¥ttaffiiS7^ (2) ^ifiglCdlSSSIS (4) ±(3H 

arts. 

[0 0 3 1 ] m 3 jIMfll 
01 ORtf0 1 1(4. *HJfiW©#ttSBR7-f — 
(3)*0»»*(4)±K*«Lfc««€*toLTt»*. 
tt. 01 US. 01 0A-A»K:»3Wfm£*bLTH 
01 l(Cfc^T(4, ffiS-t. *JB«*(32)®|6|£ 
*9 0£3EATgfcbTtr>5. *HJS^J©#ttgffij£7 
(C*3^T(4, 0^©$tK. JEE«#S1£<31) 
©iSffitc. -**©«»*« (32) (32)jWWfcSftS£# 
K, ^©ffiffl(Cte^tt©£#§§(33) (33)tf»»rtSttTt» 
3. I^T, *»««(32)R#Kltg(33)©8fiRtf» 
IBU*l:i. UmfibO. ffi«#««(31)±£tt. ft 

*S(32)-(32)IC«**. -n<DXtim^y F (34) (34). 
Rtf-*f©fcB2jfflA>y F(35) (35)a«««£ftTHa. 

[0 0 3 2] f LT, ffim^*«(31)©SEtC. 
«(32) (32). R»§§(33) (33). A2rfflA-y F (34) (34) R 
TfQtfmKv F (35) (35) BftH«*loT, 
». {S|MSi0 2 /i^/il>lf 2 0 0A~15/im©§ 
«IB (36) nT^S. ftftSIB (36) (4, A^fflA 

-y F (34) (34) StWlAl/ty F (35) (35) ©«f ffl 
Sc©MP(36a) (36a) (36b) (36b) £fLT^5. ddT. 
«SK(36)(J^tt««^?)^$nT^-5©T-. 
«45 (32) (32). A^fflA-y F (34) (34) Rtftfl^ffl A -y F 
(35) (35)ft*fRWt®«S-a:S^ttttt<. 

7-r;^-(3) iiVTommz^mzoiVts.^. x. 

SK(36)©^P«. 2 0 0A<fc9fc*#<. 

(3D ±tciaei-^»^ttsffis©jsg© 6 {&©<icfc o fc/h 

$<tS^$n^o ftoT. «^*ffi(32) (32)R^SW§§ 

(33) (33)**^>fiajJ»^^K:«»-r*z:t*«a*. ^ 

[0033] ( 3) tt. J£«^S 

C (31) ©«J^«ffi (32) (32) SnTUaBSIlISS 
S(4)tC^[fiI$-&, A^3fflA-yF(34) (34) Rtfffi*>JflVt 
<y F(35) (35) We«-WPK:*jasnTlr»*i|iffl 
B (74) fCcfc 0 (HlSSSffi (4) ±©Ay F (41) tCSSLT. 

0KS«(4)±cns*ns. 

[0 0 3 4] K#tt*iS»7>f;U^-(3)lC4S^Ttt. 
08§Sffi(4)*^A«y K (41) (41) ^STA^J^n^A^; 
«#tt. #E0@(74) (74)Rt;A^fflA-y F (34) (34) Zffc 

(32)jJ>6U»ffl/1y H (35) (35) ^iSTf#e»tl?.m^ff ^ 
tt. ¥Eal(74) (74)Rt/A-y F(4l) (4l)ft«T. 
S(4)^«$&Stl-5. 

[0 0 3 5] 01 2Rtf01 3(4. ±ffi#14Hffi&7^ 
;^-(3)©»jtieR^SXS**fcUTlr»S. 
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ft. mi 2Rzsmi 3 a, mi 0A-A^ic»^wffiic 

St/il 3(Ct3HX14. dfi-t. #5^*41 (32) © fa 

(LiTa0 3 );fr£>fcftJp3 3 5 0 /imWlA (30) ©3E 
ffilC. RF^y^'J >yctoT, BSJP4 0 0 0A© 
Al-CuUS£jSI»Lfc&. 7* hUVi^^-lCfco 
T/^-Z>^^ffSl>, @12(a)©a<, *!&©» 
»««(32K AAl/t-; FS^Affl^y H (3 

5)£^fi£Tft. CCX. «M?SS(32h ATjffl 10 

Ay H&tfffl^ffl^y H (35) tt. 1 Offl#M»7^ 

9x/\(30)±ic«, »^->iqt»iMsn5. 

[0 0 3 6] 01 2 <b)©£0<. £XA(30)©£ 

ffitc mmmmm). at^a? KRtfmajB 

Ay H (35) (35)£ffioX. RFXA-y^U >^lcd:0 S 
iO z j&>SfcftlB»2 0 0A~l 5 #m©«!$^(36)£)& 
Igrtft. l*t>T. ftffiK (36) (O^ffilC. k/XKli 

Xy?>y£S6LXA*-x>^£fT&t>. I^m(c)© 20 
*n<«R©MP(36b) (36b) SKttT. ATjfflAy KRtf 
UJTJfflA-;/ H (35) (35)©4^L^£«lllg(36)^<=>8ai£ 
-tffto 

[0 0 3 7] *■©&. Hm(d) ©$n<. MP (36b) (36b) 
F»3{C*ffl#-;K75) (75)«tt*-B-k©fc«. <*IA(30) 
£5£lllc»oX^JSfrL. 113(a)©a<^->SI; 

[0 0 3 81 MC, ±fe#tt«ffi&7^;i^-(3)© 
&*mtf-)l (75) ^mg§»« (4) 0»*1"**^ v F (4 

i)k:««a*T, #tt^ffi&7^;u^-(3)$0SS*ts 30 
(4) ±fc»«ufc««it?. ¥ffl#-;u (75) *un»fc«t 5 

»»-B:L©ft. £ntC=fcoX. HB(b)©$0<A#fflA 
v Kfttf W*flIAy F (35) (35) £¥ffl« (71) (71) 0 
0tt*«(4)©yXy H (41) <41)fC@£LX. 
7 ^ (3) £H8£iaB£K (4) ±!^gt5- 

[0 0 3 9] ±E» 1 . S§ 2 3 HJg^J©#1iSffi 

»7^^-(l) (2) (3)lC«tntf. ttfl?tt&(12) (22) 
(32)&tf£l*8(13) (23) (33) A*. «f8K(18) (28) (36) tc 

S«(4)±KaEgTftK, #^«®(52)S<^JS:M§§(53) 40 

(D^mtmm Lxi>^*©sttgit7Y ( 5 ) 

©*0<. SMBi!E7^M-(l)(2)(3)*/1'yy- 

fto 

[0 0 4 0] ±K2HS©#ffi©K9itt. *9gH£K9rr 

iS*©«SHCEa©ftlBW«SilrtT?ai*©IE»*tpIlSBT 
^S^tli^^XfeS. 50 
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[0 04 1] 09*. tf. ±E»1. ^2St;i3»jl; 

XA(10) (20) (30) £fijfflLX^ft^*, ^tt©fd!©*fi^tt 

(L i z B„0 7 > «l>B*ft«>5ft5>?IASfffflt 
ft££fcnJ^X&ft„ X. i/'jax 1j-75"f 

7^^«MgO^©#tt«^e.^5C/XA±lC, gft 

7;i/5x^7A(AlN). Kfta»(ZnO)*l>tt?^>K 
>»« ( P Z T ) S fc ft JEH#i§BI L fc£ 
«£«ffl1-ft C <h *> pJfigXfeft„ 

[0 0 4 2] X, $50*ffi(12) (22) (32), E»«(13) (2 
3) (33). Xfsmny K&tfffiTJfflAy KIJ. ±C»1, 
«2R^«3HJfiW©^^->K:lB6-r. »*©A*- 
xcgjgj&iWTffc*. WAtf. 7-r;P^-©«figc«fc 
Dt, EStS£**.fcl»*>©. lOffl/b F^ATJfflA 
•y KRtfffiTjJf Ay HtLTfffl^ntl^feiDSSffl 
■Tftct^tlXfeft. 

[0 0 4 3] X, ±fEfgl, Sg2StfS&3*SS0!lf;:*5^ 

IS (18) (28) (36)£^J5gLX^ftfr\ ft*D©fi!l©«fi&&K 
*f. 09*.«SiN, SiON. AlN^teDLC (Diamon 
d-like Carbon) fr*> JgfiJcf ft £ tfcWUBT&ft. X. H 

[0 0 4 4] MIC. ±E*1. S2SaC^3^JSM(C* 
UTtt. »ft«ffi&7^;U^-(l) (2) (3)£|hI&£« 
(4)lC*gTftl^. fffl5SffllTt>5^. ¥EBA> 

Xifcft. 

[Bffi©ffi¥fcSi^] 

[mi] i6i9mH<oiH&3m»y4)V9->tbmmmvi 
[B2] i^±©«si*gfc-r-gi5«»rTffimx»fto 

[H 3] ra±©ttH?r^t)Tm2A-A^^3»fffi0 
XSft. 

CH4] M#tt«ffi^7^;P^-©KigIg©Htl¥^« 

[05] n±is©^¥» R^ngis^a^-rxsm 

X'fefto 

[86] ^2^ISW©5*ttgffiiS7^;U^-^(Hl?§S« 

tiiigLfettM^sfc-r-gK«W¥smx$.ft. 
[m7] i^±©tt^^^*3-rm6 A-A^ice^wsm 

X$.ft„ 

[m8] mwii%ffi&7 j )v?-<D&mx®<Dm*zm: 
fr-rigmx&ft,, 

[09] R±ie©«*. x.zfmmT.mz3ktiTxmm 
[mi 03 ^3Hss^j(D^ttgffijS7^;u^-&iHisss 

Lfctt<i£Sfc-f -gBiKW^ffilllX&ft,, 
[011] l^±OU;l^S*5T@l 0A-A^tc^5»f 
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®0T"&3. 

CHI 3] H±I8©«¥. RZt$Z8iXmZ%t>Txm 
[014] ft*<D#ttitffi&7^;i^-£3i;b-f¥®^ 
[015] K#tt«iBa7-f;va'-ftig»*«±t*is 

(l) SMS-Sffift?^*- 



(7) 
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